Spinal pain is a significant occupational health issue. Whilst neck pain and low back pain have received considerable attention, thoracic spinal pain (TSP) has not. The objective of this study was to systematically identify and report the evidence describing the prevalence and correlates of TSP within occupational groups. Methods: This literature review systematically searched for reports of TSP prevalence and associated factors for TSP in working adult cohorts using nine electronic databases. Studies were evaluated for level of evidence and epidemiologic data were narratively synthesised. Results: 52 studies were identified describing 65 cohorts covering manual labourers, office workers, health professionals, manufacturing and industrial workers, drivers, military personnel and performing artists. Prevalence varied with occupational group and time period. One year prevalence of TSP ranged from 3.0-55.0%, with most occupational groups having medians around 30%. Significant odds ratios for individual (concurrent musculoskeletal disorders, exercising, pre-menstrual tension and female gender), general work-related (high work load, high work intensity, perceiving ergonomic problems in the workplace, working in some specialised areas, performing boring/tedious work tasks, certain year levels of study, employment duration, driving specialised vehicles, and a high number of flying hours), physical work-related (manual physiotherapy tasks, climbing stairs and high physical stress) and psychosocial work-related (perceived risk of injury and high mental pressure) factors were reported.
Spinal pain and injury represent a significant impact on an individual's quality of life as well as a financial burden for employers 1) . In the interest of human capital, careful monitoring and scrutiny of spinal pain characteristics among working populations are important as the societal cost of these conditions are significant, representing about 1% of gross national product per annum 2) and a major contributor to reduced work productivity 3) . Moreover, recent evidence highlights that medical expenditures for spinal pain continue to rise without a commensurate change in clinical outcomes 4) . Although epidemiological characteristics of neck and low back pain are relatively well established among working populations [5] [6] [7] [8] , little is known about the epidemiology of thoracic spine pain (TSP) 9) , which is considered to be pain experienced in the area of the upper back or middle back between vertebrae T1-T12 across the posterior aspect of the trunk. A major limitation of previous research is the use of a combined outcome measure for spinal pain. That is, specific results for the thoracic spine are rarely reported. Rather, only 'back' pain is reported which may encompass more than one spinal area. A similar limitation has also been identified in an earlier systematic review of neck pain 5) . Interpretation of these data may therefore be limited as risk factors for the development of pain and dysfunction are likely to vary according to spinal level considering the diversity in functional demands for different spinal levels.
Review
Compared to the lumbar and cervical spine, the thoracic spine has received less attention in terms of clinical and occupational research. Pain experienced in the thoracic spine can be equally disabling, potentially imposing similar burdens on the individual, community and the workforce. Notably, a recent two-year prospective cohort study identified TSP to be an independent predictor of failure of returning to work 10) . Working populations contribute most significantly to national wealth and productivity. Considering the personal and industrial burdens of spinal pain, identifying risk factors through prospective studies or multiple domain associated factors through cross-sectional studies for the condition is important for this population. Indeed, a focus on modifiable risk factors for back pain which address occupational factors was recently identified as a priority research area 11) . As a starting point is it important to know the prevalence and factors associated with a condition in order to inform occupationally-specific preventative and management programmes, rather than generic interventions. Generally, observational studies provide these data.
Developing an understanding of these issues for TSP is difficult when relying on single studies and interpreting the results in isolation. Arguably, there is a need to systematically identify and report on literature concerning TSP in working populations in order to comprehensively identify prevalence and associated factors. The aim of this paper was to provide a comprehensive report of prevalence and factors associated with TSP in adult working populations.
Methods

Searching and study selection
This literature review employed a systematic approach to search and study selection, in which explicit search and selection methods were used to address a focused clinical question 12) . This reduces the bias associated with non-systematic search and study selection methods 13) . Nine databases were searched from inception to January 2008 (Medline, CINAHL, Pub Med, ISI Web of Science, BioMed Central, PEDro, EMBASE, Cochrane, AMED). Automatic search alerts were set up in each database to alert the authors to any new papers published which met the search criteria after January 2008. One additional paper was identified from the search alerts 14) . Search strings pertaining to prevalence and risk factors were based on a previously conducted systematic review of prevalence and risk factors for musculoskeletal disorders in elite musicians 15) . Full search strings are available from the authors upon request. In addition, keywords were mapped to subject headings (MeSH headings) in MEDLINE to identify synonyms for epidemiological, thoracic spine and musculoskeletal disorder terms. Shorter search terms were used for databases that did not use subject headings or that had a limited number of allowable search terms. Reference lists of included papers were also reviewed to identify any other potentially suitable studies to include and minimise any bias associated with electronic literature searching methods.
For studies to be included in this review, the following criteria had to be met: 1. The population had to be a cohort of healthy adults (≥18 yr) working in a specific, defined occupation. No inclusion criteria were imposed on the nature of the occupation, job tenure or hours worked. Studies which did not define a specific occupational group were excluded (e.g. population-based or community studies). Studies involving professional sportspeople, performing artists and tertiary students were included so long as these activities were their predominant occupational activities. 2. The study had to report either prevalence of TSP or factors associated with TSP (cervico-thoracic and thoraco-lumbar were also accepted). TSP could be selfreported or clinically diagnosed. Owing to the lack of a standardised operational definition of TSP, any selfreport of pain experienced in the thoracic spine, dorsal spine, upper back or mid-back was accepted and no inclusion criteria were imposed on pain severity, frequency, duration or pain-related disability. 3 . The study design had to be case-control, cross-sectional or prospective-cohort or retrospective-cohort, as these are the appropriate study designs for investigating prevalence and associated factors 16) . 4 . The study had to be published in a peer-reviewed journal in English. Titles and abstracts of citations were reviewed by two independent reviewers (AB, AS) with reference to the four inclusion criteria listed above to determine eligibility of each study for inclusion in this review. In circumstances where the abstract was not available, or based on the content of the abstract it was not clear whether the article met the inclusion criteria for the review, the full text article was assessed. Disagreement regarding eligibility for inclusion was resolved by a consensus meeting between the authors.
Quality appraisal
To obtain a broad indication of methodological quality, each included study was independently ranked by two assessors (AB and DG) according to its study design using the Australian National Health and Medical Research Council (NHMRC) Hierarchy of Evidence 17) . This approach has been adopted previously 18) . We considered this hierarchy to be appropriate as it comprises levels of evidence for each type of research question (intervention, diagnostic accuracy, prognosis, aetiology, screening intervention). For this review, the hierarchy of evidence for 'aetiology' studies was employed. Studies are ranked on a nominal scale from I-IV with higher rankings indicating a broadly higher level of methodological strength and therefore a more robust source of evidence. Level I refers to systematic reviews of level II studies, level II refers to prospective cohort studies, level III-1 refers to a case-series where all or none of the people with the risk factor(s) experience the outcome to provide an unbiased representation of a prognostic effect, level III-2 refers to a retrospective cohort study, level III-3 refers to a case-control study, and level IV refers to a cross-sectional study or case-series.
Data extraction
Data extraction was performed by one author (DG) while a second author (AB) performed an accuracy audit of 20% of the extracted data. Data extracted included: occupation, ethnicity of the cohort, definition of TSP, sample size by gender (where reported), TSP prevalence as a percentage across 7 recall periods, and correlates of TSP expressed as a descriptor with an odds ratio and 95% confidence interval while noting any adjustment factors applied in the regression models. A meta-analysis was not possible owing to the heterogeneity of the included studies and therefore, data were synthesised narratively. Nonetheless, the structure and content of this review is consistent with recommendations outlined by the Metaanalysis of Observational Studies in Epidemiology (MOOSE) group for reporting meta-analyses of observational studies 19) . Where data were presented in a Figure, the corresponding author of the paper was contacted and asked to provide the dataset. In circumstances where the data set was not available, data were interpolated from the Figure. 
Results
From the 9 databases searched, 1,725 citations were retrieved, of which 336 were duplicate citations. Of the remaining 1,389 citations, 1,219 were excluded after reviewing the titles and abstracts. Full-text papers of the remaining 170 citations were reviewed and 50 (3.6%) of 1,389 were selected for inclusion in this review on the basis of meeting the inclusion criteria . One additional study was identified after reviewing the reference lists of the included papers 70) , and one further study was identified from automatic searches established for the electronic databases 14) , making a total of 52 papers included in the review. The characteristics, NHMRC hierarchy of evidence rank, TSP definition, and TSP prevalence of each study cohort included in this review (n=65 cohorts in 52 papers) are summarised in Table 1 Of the 52 studies ranked using the NHMRC hierarchy, 50 were cross-sectional surveys and 2 were prospective cohort studies 41, 49) . Prevalence data were expressed according to 7 occupational groups. Across all occupational groups TSP prevalence ranged from 3.7-77% (lifetime), 23 .0-28.8% (2 yr), 3.0-55.0% (1 yr), 13 .0-47.0% (3 mo), 20 .0-38.0% (1 mo), 7.0-38.0% (1 wk), and 3.0-44.0% (point). The prevalence of TSP varied according to occupational group ( Fig. 1) . Health professionals reported the highest lifetime (77.0%) and 2 yr (28.0%) prevalence, performing artists and manual labourers reported the highest 1 yr (55.0% and 54.8% respectively) prevalence, manufacturers reported the highest 3 mo (47.0%) and 1 wk (38.0%) prevalence, manual labourers reported the highest 1 mo (38.0%) prevalence, and performing artists reported the highest point (44.0%) prevalence. As illustrated in Fig.  1 , the 1 yr prevalence was the most commonly reported period in the literature. The median 1 yr prevalence of TSP was 29.1% in manual labourers, 30 .0% in office workers, 35 .4% in health professionals, 18 .1% in manufacturers and industrial workers, 20 .0% in drivers, 14 .4% in military personnel, and 33.0% in performing artists. Table 2 outlines the individual, general work-related, physical work-related, and psychosocial work-related factors reported in the literature to be associated with TSP. The individual factors significantly associated with TSP included having concurrent musculoskeletal symptoms, exercising, pre-menstrual tension and female gender. Significant general work-related factors included high work load, high work intensity, perceiving ergonomic problems in the workplace, working in some specialised areas (physiotherapy private practice, internal medicine, electronics, assembly line tasks), performing boring / tedious work tasks, certain year levels of study, employment duration, driving specialised vehicles, and a high number of flying hours. Significant physical workrelated factors included manual physiotherapy tasks, climbing stairs, and high physical stress. Significant psychosocial work-related factors included perceived risk of injury and high mental pressure.
Discussion
To our knowledge, this paper is the first comprehensive review which describes the epidemiologic characteristics of TSP among working adults globally which has used a systematic search method. Although there are no data available to provide an interpretation of the impact of TSP on worker function, disability and absenteeism, the data do confirm the relatively high prevalence of TSP among working adults, and more importantly that TSP prevalence varies considerably between occupations. There also appear to be multiple domain correlates of TSP which supports a biopsychosocial framework for conceptualising its aetiology.
Study design and quality assessment
A systematic approach to search and study selection was followed in order to facilitate replication of the search strategy for future updating of this review. We ranked the study design of each paper with an appropriate hierarchy of evidence tool for studies of aetiology 17) . The majority of studies included in this review were cross-sectional in design, limiting inferences about causality and prognosis for TSP. Thus, the evidence base (relating primarily to study design) may be classified as poor according to NHMRC criteria. However, the aim of this review was to report the prevalence and correlates of TSP, for which studies with a cross-sectional design is appropriate. Prospective studies are required in order to identify modifiable risk factors for the condition. Moreover, these studies would also provide important information to employers regarding the natural history of TSP and ultimately trajectories in certain occupational groups.
TSP prevalence
The range of TSP prevalence across the time periods was very broad. Indeed, this finding is consistent with studies on neck and low back pain [71] [72] [73] . The considerable variability in prevalence ranges likely reflects firstly research method issues and secondly the unique physical, environmental, and psychosocial stressors which act on workers in different occupational groups. Direct comparisons of prevalence between studies are limited due to inconsistencies in sampling methods, operational definitions of pain, and prevalence periods chosen. These method issues have been highlighted previously for limitations in comparing low back pain studies 74) . An international working party has published guidelines for operational definitions of low back pain and a recall period with the aim of introducing some standardisation 75) to the field. Arguably, these criteria should also be applied to TSP studies.
One year prevalence was the most common recall period reported in the literature. Although a Delphi study of international experts for low back pain recommended a standard recall period of 1 mo be used 75) , the 1 yr period is arguably more relevant to occupational studies as it allows meaningful comparisons to industry-relevant outcome measures that are determined annually, such as absenteeism, days lost to injury, and compensation claims information. Moreover, the 1 yr recall period is standard in the widely used Nordic Musculoskeletal Pain Questionnaire 76) . Although recall bias becomes more problematic with a longer recall period 77) , it is less likely to be threatened in the context of chronic pain, which is most relevant to employers, insurance providers, and policy makers. It is evident from this review that there is a lack of consensus regarding a standard recall period among researchers. For example, not all studies reported 1 yr prevalence while single studies reported 2 yr 36) and 1 mo 39) prevalence. An extensive body of research has been dedicated to examining prevalence and risk factors for neck and low back pain among working populations. Consistent with the findings in this review, the prevalence of neck pain varies across occupational groups. For example, a recent systematic review reported the point prevalence to range from 4.8% in shoe-makers to 50 .8% in drivers, the 1 wk prevalence ranged from 7.3% in office workers to 53.0% in plant workers, and the annual prevalence ranged from 17.0% in dentists to 74 .0% in crane operators 8) . Occupational low back pain shares similar characteristics. Although the aggregate point prevalence for low back pain among European workers was 33.0% in 2000, it ranged from 22.0-57.0% depending on the occupation 78) . Collectively, these data highlight the importance of examining spinal pain characteristics across a range of occupational groups.
The results of TSP prevalence in this review are comparable with those of neck and low back pain. Although we cannot comment directly on the impact of TSP in working populations, based on the concordance in prevalence estimates, it may be that TSP imparts a similar personal and societal burden as neck and low back pain. An important avenue for future research in TSP will be to examine the severity, impact and sequelae of the condition among working populations. Examining spinal pain characteristics in discrete occupational groups may ultimately lead to the identification of occupationally-specific modifiable risk factors for TSP.
Given that many studies included more than one occupationally discrete cohort, we considered it more meaningful to report prevalence by cohort rather than by study. One year prevalence was the most commonly reported recall period (74% of cohorts, Fig. 1 ) and therefore the most valid dataset to compare TSP between occupational groups. In many occupational groups the maximum TSP prevalence was around 50% with the median around 30%. Within most groups there was marked variation in TSP prevalence. For example, within health professionals, cytotechnologists, physical therapists, nurses and occupational therapy students experienced more TSP than other health professionals. Whether these prevalence differences are due to different methods or actual disorder prevalence differences is unclear. When interpreting the TSP prevalence data across occupational groups, readers should be aware that the reported data are not age-adjusted.
In occupational cohorts where data for both genders were reported separately, females reported a higher prevalence of TSP in all occupational groups (farmers, air traffic controllers, aluminium plant operators) other than dental and occupational therapy students. The finding that generally females had a higher prevalence of TSP is consistent with trends in the general population and for neck and back pain 79) . The reason for male dental students reporting a higher prevalence of TSP is unknown, while the high prevalence of TSP among male occupational therapy students may be an aberration attributable to the very low number of males in that cohort (19 males vs. 128 females).
Factors associated with TSP
TSP seems to be associated with a broad range of factors including individual worker, general work, physical work and psychosocial work factors. This is consistent with biopsychosocial models of the aetiology of work-related musculoskeletal disorders [80] [81] [82] . It is also consistent with reviews of the evidence for the workrelatedness of musculoskeletal disorders for the upper limb, neck and low back 83, 84) . The findings of this review confirm the need for future research to assess across multiple domains to adequately understand the role and interaction of different associated factors.
The factors identified are also consistent with prior research on work-related musculoskeletal disorders in other anatomical locations. For example, gender, high workload and high psychological load and have been reported as factors for upper extremity disorders 85, 86) . The associated factors identified in this review ranged from those which were relatively easy to operationalise (such as gender, concurrent musculoskeletal disorders and stair climbing) through to others which provide limited exposure information (such as 'perceived ergonomic problem' and 'high physical stress'). The difficulties in adequately capturing exposure to physical, and to a lesser extent psychosocial, factors is a recognised limitation of past research 87) .
Strengths, limitations and future directions
Significant strengths of this review include the systematic search method utilised, ranking of study quality and assessment of an overall evidence base, and the selection of broad search terms which identified studies where reporting the prevalence and/or correlates of TSP was not a primary outcome. However, the review was limited to studies published only in English. It may be important to extend this work to compare TSP between different ethnic groups where occupational tasks remain constant. Notably, there is evidence to suggest that ethnicity influences low back and neck pain prevalence 8, 88, 89) . Although a broad indication of methodological strength can be obtained from ranking study design in a Hierarchy of Evidence, this literature review did not undertake a more detailed quality appraisal of the included studies, using a critical appraisal tool. Information from a more in-depth quality appraisal may have uncovered sufficient levels of bias in some studies to influence interpretation of their results, and hence the findings of this review should be interpreted in this context. However, the primary focus of this review was not in-depth quality appraisal, but a systematic gathering and reporting of current research evidence and this rationale has been used previously 18, 90) . A further limitation was that the majority of correlates for TSP were derived from bivariate analyses which are easily confounded as they fail to control for other potentially important associations. Studies using multiple regression models yield more robust risk and association estimates and should be used in future studies. Finally, risk factor estimates may be over estimates if there is a publication bias towards positive findings.
